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ABSTRACT 

Tae absorption of a beam of ©115A radiation by a 
stricted Argon glow discharge was exanined to determine the 
PorprcCion Cemsizy of metastable excited atoms in tne 
Cischarge. Difficulty in obtaining an irradiating beam of 
Sur-icient intensity precluded reportable results, The re- 
emission characteristics of tne same ciscnorge were exa) ined 
mecnsively a@or thesSamesreason. Lack of reportable results 
is attributed to the lack of an iltunineting team of suf- 
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‘leo: “GMPRODUCT ION 
1.1 Earlier Theoretical and Experimental Work 

Simcoe Lirst relvaply rTreporsedmimerthe 1920's, 
moving striations have been the object of no small amount of 
investigation and theorization. 

Karly investigations of striations concerned 
themselves with measurements of frequency, velocity and 
wavelengtn. YIne rotating mirror and photo-cells were used 
as the primary investisative tools and the results were com= 
pared with oscillograms of tube potential and tube current. 

The really first significant attempt to probe the 
mysteries of moving striations was reported by Pupp in 1933 
and eae Pupp concluded that moving striations and anode 
oscillations were independent phenomena and that moving 
striations were produced within the positive column. Of 
far greater import, however, was Fupp's technique of prevent- 
ing anode oscillations by setting ur an auxiliary discharge 
at the anode. 

(3) 

In 1949 Loeb offered the suggestion that the 
catnode was the seat of oscillations ere ea initiate 
striations. W. P. Allis theorized in 1950 that moving 
striations were caused by a buildup or metastable atoms in 
the anode spots followed by an increased ionization rate 
and a space charge layer wrich moved away from the anode. 

Also in 1950 Fenty reported on his studies of the 


metestable Ay, level in Mercury. He explained the increased 





tube potential, tne increased 2537A intensity and suppressed 
moving striations as results of destroying metastable atoms 
Diver eoohatiuemaGdkauten, Anais SuEPestceinat. striations in 
unbuffered liercury discnarges are associated with a two- 
Si@e ionization process. such a sug; estion was formalized 
by Donohue and Dieke in winaiilas explain a 20 ps phase lag 
in excitation of the 2537A and 4358A lines in moving sitria- 
t20ns in Mercury. 

In this same paper Dononue and Dieke concluded 
toat negative striations originate in the negative glow 
region near the cathoce and are triggered by approaching 
pos iuave striations. The positive striations were Supposed 
to have been caused by a buildup of a cloud of ions near the 
anode wnich was released simultaneously with the occurance of 
a maximum of tube potential. Perhaps most important from 
GHis Onde slightly histcrical vantage pormt was thewsbelief 
of Donohue and Dieke that moving striations and oscillations 
were normally present in the positive column of the inert gas 
and i.ercury discharges (within limited ranges of currents and 
pressures) and that lack of t em was to be viewed as an 
exception to the rule. They furtner suggest that roving 
Stiiacicons heave a primweipal role in ee. the glow dis- 
charge. In papers pw>]’ shed in 1951 and ee cases concluded 
Cia scehurcryeee MED. “anode Oscimlarwors and moving St vMica= 
tions were not necessaril: independent phenomena but that 


anode oscillations could establish striations, He further 





offered tie suggestion that any oscillation might initiate 
moving Striationg@eand that oscillations occurred naturally 
in the cathode and anode ends of the positive column. 

In 1952 Gordeev postulated that both positive and 
negative striations were a direct res'1t of electron oscill- 
ations. The positive striations were said to be initiated by 
electrons being accelerated in the anode fall region while 
negative striations were reflections of the positive striations 
o:f the cat.ode or catnode ot 

Meissner and hiller in 1953 published the res its 
Ge weir investigations im He, We, ai and Mew Dae effect of 
résenant radiation on tube potential in thes@ gases corro- 
WOraves the effects noted earlier by lwenty in Mercury. “In 
1954 re in one of a long series of papers, 
the proposal that there exists in a positive column "waves 
of stratification" which originate in the cathode region. 
nese, “hewsays sare Links’ in an interesting feedback mechk= 
em@ismn whieh connects striations, amode oscillations, wawes 
of stratification and catnoce distrrbances,. In another of 
AS Gia Milo ond eifiadl Ie adds CV IMeMCeucemerirc ties. c, 

In 1955 Watanabe and on to examine 
the positive column theoretically. Thev concluded that 
travelling waves of positive ion and electron density can 
Cxrot Gm une column,, Iney are ana not to identify these 


as striations, :.obertson presented in 1957 his theory of 


Movint Strietions, the theory which prompted this author's 





ifivestigation, Notertson's the ry is the rirst theoretical 
mathematical treatrent which specifically includes the meta- 
stable states, itobertson bases the treatment on continuity 
consideraticns for positive ions, electrons and metastable 
atoms. He considers a longitudinally uniform, exially sym- 
metric plasma wnich can be excited by serie outside source. 
He shows that for tne spatially uniform plasma a large con- 
centration of metastable atoms is needed for instability to 
appear, fFurtner, when variations in metastable concentrations 
are ignored, vine. charge density waves, similar to those 
of Watanabe and ie ee be predicted and wnen all diffu- 
Sion is ignored travelling density waves moving in either 
direction can be predicted. The direction of travel depends 
Mpon production amd loss pro@esses. Wis last is in conson- 
ance witn the results of Rademacher and — Snow 
also that a disturbance in the positive column propagates 
more readily toward anode than cathode. In 1958 in a fur~ 
(12) 
Waer paper Oo: his series Phare conclides thet negative 
striations involve a single step ionization process while 
positive striations ave tied=-up with multi~step ionization 
processes. This latter se.” support tne earlier sug~ 
gestions of Donohue and nS 
(16) 

In 1960 Cooper reported that moving striations 
could be svnenrenized with and seemingly driven by external 
oscillations over a range o2 frequencies. Hakeem and 


(17) (18 
Robertson in 1960 and again in 1961 reported on their work 





in the alkali vapors. The results, viewed against the bach- 
ground oz knowledge to tnat date, led them to c.nclude in the 
latter paper that the existence of striations requires the 
existence of metastable ea and that in view of this 
nobertscn's earlier Bees. wic be profitably polisned. 

It sirould be noted tnat through the years many authors 
have attempted to explain moving striations from a cause and 
effect point of view wnicn Nas led tne mass of tnem to consider 
pom@e sOrt Of oscil@a@egion or perturbation of the positive e™iunn 
em cw inipuavoreor Guriationss ~'nese treatments, if carried 
to tue limit of steady state floving striations eventually re= 
quire repetitive plasma perturbations woicn d= not have firm 
cerounding in experiment. Before jumping to the Robertson 
EneOrym@miich has oscillations as a result rather than a require= 
ment it will be well to rention tnat the plasma oscillations 
are still being studied extensively. dSignificant results are 
sparse but eiicourarin: as evidenced by two recent reports from 

19=20 » 
stanford University which snow good correlation between theory 
and experiment for Rekw,oscillations in tne plasma sneath. 
Wee Tis GLOW: DISCHANGE 

Tne idealized and nmucn to pe desired glov discnarge 
15 Sh@@n in ice 1.9eGlow discharges characteristicallgy cccur 
wnen disc .arge pressures are below a few centimeters lercury 
but can be sustained at lover pressures. Depending upon tne 


CUves cette dpplied pOtCnitaL Clit erence. ~e 1ere. is. a 


pressure below waAicn tne positive column ceases to exist 
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as such and tne negative glow and Faraday dar}! space fill 
nearly the eae volume of tne tube. Such a low pressure 
Gdiscnarge is of no interest in thiS paper. 

Tne areas marled as darl spaces in Fig. 1 are not 
to be considered as devoid of all light. As shown in the 
intensity profile, the _ight becomes considerably less intense 
but never to blackness, Lignt emitted by the positive column 
is characteristic of the gas in the discharge and of the 
excitation conditions. Air is a salmon color (although the 
negative glow is blue), Argon is reddish purple and Neon is 
very intensely red-orange. Colcr was probably the key factor 
in selecting Neon for the very early Neon advertising signs. 

Tie glow discnarge discussed above is upset some= 
times bv the existence of striations (Fig. 2). These are 
defined as regions of intense lignt bordered by relative dark- 
ness; the entirety of wiich are contained in the positive 
column. TInis definition does not include the various dark 
Spaces and glows associated with the cathode or anode. 
Striations fall into two main classes and two sub-classes. 
The main classes are "standing" and “moving" depending en« 
Vitel y UPON Abiicsouase Of MOULO! Ol Une Striatvion. Tne Sup= 
classes of moving striations are "positive" and "negative"; 
positive being tnose which travel from anode to cathode 
woile the negative striations move just the other way. 

Standing striations appear to be fuzzy spherical regions 


of lignt whose diameter is slightly less than the diameter of 
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tae tube. Uncer certain conditions they will assume a part- 
Spnerical Shape so tnat when viewed tnrough the side of tne 
tuLe they appear crescent shaped (Fig. 2=b). Cylindrical and 
otner shapes are unknown. 

Moving striations are not generalilgg Seen witn the 
nahed eye but are viewed with a rotating mirror or an oscil- 
loscope~photomultiplier tube combination, A typical oscillo- 
BeOpe trace is sl.etiched in Pig. 3. Woving Boer Unie striations 
are typically repetitive at 800 to 1500 secs Wien velocities of 
60 to 100 meters per seco:.d and longitudinal separations of 
five to fifteen centimeters. lJegative striations are less 
Cemmoniy encounwered, more difficult to detect and of no 
iavemest in this @orms« Nomfurther description of these will 
be given. 

It is to be noted rere that the unstriated glow 
discharge is an excellent vejiicle for the study of plasma 
properties and tnat better understanding of striations nay 
lead to a simple scheme for suppressing them. If so, then 


we snall nave the very much sought "stable homogeneous plasma", 
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eae MAP hal, SOUL Yor 
2eol Vacuum system 

Tie vacuur. system sketched in Fig. 4 was designed 
and constructed by A. W. Cooper in 1959. It is ccmposed, in 
the main, of a Welch fore pump, a Consolidated Vacuum Cornora- 
tiom oi] diffusion pump, a bakeable hirh vacuum valve and two 
ees bottles. The entire assembly is plagued with large volumes 
and snarp corners but offers the advantages of quick tr.be chang- 
ing and baheout; advantages r.uch needed by the many neophyte 
researchers wo nave used tiem. 

Pressures in tne system below one micron were 
measured br Consolidated ‘lectrodvnamics Corporation ioniza= 
tion gauge type GIC-100 coupled to tne CEC sensing element 
GIC-OOl1l. Fressures ckove one-tentn millimeter Mercury were 
measured by a U-shaped manometer filled with Octoil-S (one 
meter Octoil-S equals 6.72 centimeters liercury). fYTressures 
between tnese rances were of no interest. 

2ec Discharge Tubes 

In the course of this i..vestigation several dis- 
charge tubes were constructed for several purposes. The 
main discnarge tube is sketched in Fig. 5. The side arm 
electrodes of this tube were used during all observations 
and tne side arms thenselves were blackened well with soot. 

The use of Tupp's anodes in all electrode assemblies is to 
P-wmieioe 801 Clyacr end of the tube as -calaode, thereby 
permitting nearly uninterrupted operation in tne event of 


catnode burnout. 
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the upper and lower irradiating tubes are shown 
in Figures 6 ard 7. The lower tute is a straight tube 
w.tn simple wound filaments so constructed as to permit very 


f tm} 
i 


nig currents. Tesverper CUbeCwmaloOnstrommoe Gilters 1 yor 


the lower in that one electrode assenbly is formed with an 
oxide coated cathcde. Ine very covious electron emission 
from stcn a cat jode forms a cloud of electrons around the 
Catucde and nence forms a virtual catnoge at the cloud, This 
virtual cathoce prevents t.e very high damase anc heating 
usually erztperienced wien wound tungsten cathoces are sub- 
jected to large scale positive ion bombardment. Neither 

of tne irradiating tubes were configured for Fupp’s anode 
Srotacron amc both were operaved at above the critacal cur= 
rent for striations. In neitner tube did the anode oscil- 
tations extend surficiently far into the positive column to 
interfere with tne experinent. 

One other irradiating ture was constructed as 
aurariect this investigation’ Myles stube, sketched in Fig. 
O, was tobe literally wrapped around a discharge 

he 
tube as suggested by j.ischke and a Naik: to provide localized 
illumination of that Gaiscnarge. <A full explanation of the 
purpose o- this tvbe will be given in section 3.2.3. suf} 
fice it to say tnat initiating a dc disci.arge in srch a 
PPCmeem Ieurabicn 1S Citi culbpeemataat Once begun, tie 


discharge could not be operated at the very hifrh current 


required ror intense illumination. 
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Sil.ce clean tubes and puve ciscnarges go iand in 
memes tic Tollowin; mroceduremwas used to purge the tubes 
as well as c_uld be done. uwacn tube was attached to a 
separate pumping system and placed under vacuun for 12 or 
nore hours, While still under vacuum the anode strips 
wem@e heated by ifaquction and left a bright red for several 
minutes. During this sare tire the filaments were heated 
to a brilliant white by applying 60 evcle current to them. 
After cleaning tne electrode assemblies, tne tube was wrapped 
witha ulectrotnermal tape and allowed to bake under vacuum 
jo, 2+ hewrs ef Wore, wis a fimel step befcne tramisfer te 
the experimental vacuum system, an Argon discharge was ignited 
in the tube andtne sube pumped until the discharge was 
extinguis'red. Cn completing three such discharge-pump 
cycles “Gwe tube wes eitdlledwith Argon to abowt one-tiird 
atmospneric pressure and tnen vented through a Drierite 
bottle to atmospieric pressure. Transfer to the experi~ 
mental systemM@was nov accofplished, 

ow} OPTICAL SED Pewsey 

Zea tl oncchromator 

Tae monocnromator used in tl#is investigation is 
a Baird Associates one meter grating monochronator fitted 
witn a Daird Asscciates beam splitter. Tre grating is 
mEaZca COvetexinu, transmission ja the 35SO00A to 4S ,OO0A 
EeoCtoM Couresrond elem cO. tne “la gresorcer of diffractiom of 
Ene Wavelcneths cl interest. Ssilits of 25 micron ard 75 
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miercn width were available. Te 75 riciron slits were 
cicsen to »fovidce greater illufiination to tne pnotonulti- 
plier tuce Fitted to the adutcput of the monochromator. The 
7>@@icron siits are capable of resolution of + 3A. Such 
resol@#tion is nearly the limit obtainable on the monoch o= 
mator so that no meaningful increase in selectivity could 
be sotten with narrower slits. 

Tie sconochromator is fitted with a 4+-dial counter as 
an arbitrary means of positioning tie grating. It was 
agetermined tiat the monochromator so fitted las wavelengcti 


Geea lineer fumetion o: dial réeadingsethe relationship being 


The selectivity is then 
dA A 
dD = S O AY, iv. 


Cr ero prea sely to aceetnt for the omer of difiraction, 


wos BO A/ 
D N NN 


Since tire dial could be read onlv to the whole 


unit, tie maximum selectivity in tne fifth order is theny 
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2a Fhotomultiplier Tube 
Ur:doubtedly the most critical of all equipments 
usec was tne pnotcmultiplier ture wnich cetected outputs 
from the monochromator. Physically, the FM tube was mounted 
on tre beam splitter at tne output slit of the monochromator 
as@hown in Fig. 9. Tne beam splitter is so configured that 
the casé waich enclosed the [lM tube could be screwed onto 
the beam splitter. The FM tube uset was the RCA 7102 
selected tecause its spectral sefsitivity is maximized in 
the region of interest (see Fig. 10). 

the nigcn voltage to tne PM tube came at first from 
a high voltage electronic supply and later fror a gr.up of 
three 300 volt dry batteries ccnnected in series. As had 
Ewe Suspected une electrcnic pemer supply ripple voltage 
rendered the FM tube unusable at the low intensities avail-~ 
mole £Pom@ Gresmain discnarge tube. Wite thewbatter® pack, 
tne sensitivity of the I. tube is limited cnly by the dark 
Current neise ard he light neilsew The dar™ current noise 
is due to thermionic enission of electrons from the photo-= 
cathode when tne pnotocainode is at temperatures above zero 
degrees ielivin. Light noise is the random release of elec- 
trons froi the photocathode due tc incident photons and is 
Pr@egorvional to tne square root of ient intensity. The 
dar}. current noise can be lowered by refrigerating the FM 
tube but there is no way of red&eing light noise given that 


tne photocatnode receives some illumination. 
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an OmG@er to lover tie Gammecuriea.., tice tijke 
mee Meoertces tO 2 16irigerator Comuainer in ar™“erzort to 
emeucc tHe Peotccaetnoce temrevature. Details of the con- 
er ce MOC Colr@mince S42 Pes Tt.” Biome h tne conteiner 
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PeewersS SoglOuiGs B2eers of ecipment wee used. Tnese were 
Opuainec Lircmrithe Omtics laborator 
Pedool@gid {2e comfemlly Sound in sych lakes, Memes: 


descrizntion need be Fiven. 
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Tne sisniticant investicati e¢ e forts were three 
ioe, two tiedirect supportb.of siiis paper and the third 
to attempt to corroborate a pheionenon described by robertson, 
Tnese will be discussed in reverse order. 

Sank Discriarge T.be Potential 

Tee phiavaces COMannicacion to @e. Be aCooper ,MWRolertson 
has described a phenomenon observed br ‘ir in glow discuarges. 
fewarramced tO illuminate chivoe narm@ey section of a disciarge 
mao 1isht fram a sec™nd disquarge acd hewmage tse location 
Ci oswkc : illuminasion along we positive colwpm a meriable. 
Meeacted that tee potential cifferemece across the illuminated 


tube varied somewnat in the manne:i' snormn 


vatnode Anode 





Pero minesion tocetion 
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seince tie wrap-around tule was available for 
localized illunination, Cooper suggested an attempt to 
corroborate t Gc existence of this pnenomenon. Sevexal 
attenpes were made witn tne illvminatec main discharge 


runngee er cariovs currents below 50 milliamperes but 


no co,.parazile chamees in tube potential coulc be obtained, 
oince tue wrap-around tule nad to be run on ac 
rather tean on Ge and since t e sources of ac available 
weve of ~atuves low current capacity it is suspected tat 
meee lack co resnits as dje toca laci of intensity of il- 
Iimieotion, i'c attempts were made to run tne wrap-around 
meee O,. CC cr wich high c’rrenc sources cculd be gotten 
Since it ied been ear.ier deterninca that potentials in 
exeess of 1200 volts de were reqrired ad these were not 
Se venientlsavalilable. 
3.2 Determination of Kketastable Fopulations 
iil: Tneéoietical Introduction 
ee ote treat ent given to striations 

by Robertso:. does, br that autwor's own admission, suffer 
per tie use a? small perturbation theory and lac}: of de= 
renaable data on cne time rate of ionization and excitation 
OF t:e€ Gisecnarge atcis. ina lates’ worl! co-aut zored wita 

(lu) 
Hakeer. in 1961 Robertso:. conclrces that the deperdence 
of striadticns on pop lations o. metastai.le levels is so 


clearly cemonstrarea t a? a nore polishec tareoi- mirht be 


wortrwhiilc to attempt. It was tc tiis er:d that j'ishcke and 





2a) 
end Scomidt attemetec to aeterMine metastable porulations 


S very sane determination was attempted in 


Je 


5 
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HJ 


in ioe 
tors Investigacion. 

Inere are basicall two techniques for determining 
tne ponulations cf a level. ‘ither one observes trie amount 


SepiieiiG €f.15uca Dy atone woen transiting irom that devel 


cr 
©) 


some lower Icvel (for example, tie ground state) or one 


ra 


clrserves tie attenuation of a bear cf radiation as it passes 


through tie region wiere atcms are populating soffe level. 


tie 
ay 


attenvation is then a measure of the number of trans- 


©) 


immeeris OUG Gm ene level and hencefis a rneasure o: the popula- 
tion of that level. Both techniques were attemrted as part 
of ti1is investigation. 

Pic, 1 oats s@mc of The wensitions associated 


wets (cocweciters (Cc oevcis: OR Witeow., Bsecan ee seen, ir- 


i 


with t e single wavelength SO115A induces a tran- 


radiati:s 
Sition fro& the metastable 4549 level to te ‘Po3 level fron: 
wnich level tnrere is only one rossible path, namely back to 
the 4S ,5 level. Méco:dingly, in the presence of radiation, 
tne. é@ will be a momenta.: disturbance of tie level porula- 
Leeiowoul. waese fel] quic!: lv return to their former valres. 
puch & URanSi Big wach deer not dise@#rb tie populations 
SROUtC OteemecimirD tue Striations TfSstriiatious are strongly 
dependent oi s i.e mechanism Girectly involving the metastable 
lige ton lreisesiCr FiiS Treason mauve 115) 1S a desirable 


Wavel eet, al wiEcn tO Worn. 
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Optical Transitions Associated with the Argon I 
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Bee ne missiol Yee wninue 

1isheke's ama Sehmict's tecinique for reasuring 
Eke Greet o> faqiececiy On Striations is basicaily sound. 
Their seheze es snown in Fig. 15 was simpl: to observe two 
Meeations if) tie Gis@fe: ce Miicn were separated “ky oi.e stri- 
atiomwavelensth. Tie two Fl. tube signals were then can- 
celled in a differential preanplifier and tne preamplifier 
outrut was displaved on an oscilloscope. By balancing the 
me cube signals exactly with no irradiation a..d tnen ir- 
ragiating at one of the observation points anr additioral 
emission o: tne interesting wavelenstns could be deternined 
Sifice tre Ti tune signals at the differential preamplifiers 


would pe different. Tnis scnere reciires matcned monochroe 


} 


Mmacors and nearly matchec FM tubes. Since only a single 
monochromator was available and tneir efforts to construct 
amsccond Hee @itn failure, theywere unable to report any 
results. 

Mae approacn herve differs i= several wavs fiom 
lische's and Senmidt's. In this investigation (see Tig. 16), 
tie Main discharge is illuminated b: a very iigh current 
Pliuminating discharee thrcugh a narrow bandpass filter. 
maving only one monocnroftator tneMe was no need for tie 
aqifferential preamplifier or second 1]. tube. The PM tube 


ia 


Was reirigerated for t 


! 


11S experiment co reduce dark cur- 
GemeeiOLse 2nd Gae monochForatetepas titted wita narrower 


(7) sicron vice 750 micron) slits. It was anticipated that 
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Fig. 15. Equipment Arrangement for the Emission Technique 
of hischke and Scnmidt 
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With narrower slits, tne cold Fli tube and a battery pack 
for the PM tube, the ver: tiny changes which should occur 
in tne emission of the 811°5A line could be detected, 

In the experiment, the main discharge was run at 
weuilous currents from L§JO Millis peres (tne lower linit of 
phototuke detection) to the power supply maximum of 500 
Milliamperes and at pressures from 0.33 millimeters l.ercury 
to 3,4 rillimeters Mercury. The illuminating discharge was 
Seeraced above tre critical current for striations (about 
1200 millianperes)., The :esults of this phese of the work 
are examined in section 4+, 

Seeed Absorrtion Technique 

in t@e tecanique used by isvscike Wmccimidt opessecs 
meoorrceeesa poorly-applied. They arrange two Ih tubes 
(see figure 17) on ortnogonal axes, both tubes observing 
tne striated discnarge. Tne signals fror these FM tubes 
aie cancelled in a differential preamplifier. They then 
Pemeetave the discharge along the axis of one of: tie Fi 
tubes anc observe whether or not the frese1ting imbalance 
of FM tube signals is constant or rodulated. Tney ir- 
radiate witn a single wevelengtn selected by the monocnro- 
mator, If the imbalance were co stant this would indicate 
ies me passage of a striation had no effect on tne rate 
of absorption of radiation. If the imbalance were modulated, 
its relative wavesiape ard piase relationship to tne striation 


i 


could be used to obtain infornation oi: tne ti.e tate enarge 
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Fig. 17 Equipment Arrangement for the Absorption Technique 
of Nischke and Schmidt 





os porulation o-” a metastable level, Since t.ie tecanique pro- 
eee Pe nCere tect its, cic, Sugeest an improved apscrp- 
tion tecanigve whicira involves two matched monochronators 

and PE tubes, The improved sche:.e, (see figure 18) arrears 


¢ we tee ing waicei will produce results but still requires 


cr 


Behe additagnar menochromator., Wet having one and realizing 
waat constrwevtion of a second is, at best, a risky, invest- 
iment Of pemiver Treated tiie, 1 cWese to proceed differemtiy. 
Before embarking on my approach, a short time was 
invested in re-performing tte PMischke and Schmidt version. 
Rather tran a differential preamplifier, both FM tube signals 
were displayed on the oscilloscope and placed in super- 
position, The main discharge was then irradiated through 
@ narrow bar.dpass filter peahed ior @10 millimicrons but wide 
enough to perrit the 8115A line to be transmitted. When 
mcadiadting, tne PR*tube oriented along tne direction of 
radiation snowed a sizeable increase ir ce iignal but no 
Smeniticant divferences in the ac cenponents of the BM tube 
Suenais could be seen. Tie diflicult® was in the comparison 
Cf tne scove taces since the trace displayins tre radiation 
naa to te placed on a ruen less sensitive amplification 
Scum, sim oraer to Péep the trace Om the scope face, Tis 
Gauised a cuncurrent deciease in the ac component, rendering 
Semecri son of the two traces di Ficult at best. Usine te 
Removal puGs tO Unc SCOpe .did HOtIINE TC Improvesiavucre 


GXCErt to permit equal amplification of the two signals. 


oe) 
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Fig. 18. Recommended Equipment 
Arrangement for the Improved 
Absorption Technique. 
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Comperisc.® was again disficrlt because tne light from tre 
ieee le@caas tube is not a constant, It fluctuates naturally 
ere) acdCicicn, Sows 120 cycle modulation which stems either 
Mee se tilowaloade bower supply or tne Tilanlent power supply. 
dee Gid not Pemaait further investifation or attempts to Til- 
wer out unwante@ compcnents. 

Tieee ADSOYrhUIOnN perce cs. Tie investircation tre 
Soiieeenents ame arrayed ¢S Sncwn iJ: the figure 19. ‘Tae 
MemociTOmactor Was adjusted to maxinun transmission in the 


a 


mee) order of Girfracticn for tHe M1154 line Cirst with an 


ow 


Pmeo.. spectrum trbe and finally with the light fro” tne 
irradiating tube passed through tae narrow bandpass filter, 
fiter alignnei.t and adjusti.ent were completed t e irradiating 
tube was siielded and tne main discuarge ignited, Observa- 
tion w.tn the second FI. tule indicated tne existence of 
Eoving striations. AS was expected, the monochromator and 
its detecting Ps tube were unable to observe tne striation 
waveforn of tne 115A line because of the very low inten- 
sity of the rain disenarge (discharge currents here were 
below 50 nilliarnreres and above 10 rilliamperes. The 

lower livit wes selected to just prevent extinguishing the 
fain discharge by the irradiating tube). It was not until 
tne sain discnarge tube current reached nearly 150 milli- 
anrceres that the 611°5A line showed tarough the monochro- 


HouOr . 
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tne aetual experimental rrocedure at this point 
WaemeorOlocer VC We itiiiiinating dis@aarge, tTircurh the ain 
gdisciarge, walle the main discharge was extirguished and to 
oopserve again wnen tne main discnarge was running, Tie second 
Fi tube signal was displayed throughout tne observations, 


procedure was repeated for various main discharge 


Uae: 
currents fron ten to 10C milliarnperes and pressures from 
0.33 to 3.4 millimetei:s Mercury. 

Lie results of tais part of tne experinent are 
discevssed in Section 4, 

3.2.4 Additional’ Bhission Investigation 

REO SOG inveieure 20, taeme are severe! populavion 
and depopulation scne;.es, Yne inconclusive results of the 
absorption and enission techniques could be interpreted in 
two ways, viz, tnat tiere was insufficient illumination 
from. tne illuminating discharge in the desirec wavelengtns 
or tnat tae entire experinental philosophy suffers fron some 
undetected flaw, In an effort to establish one of these 
possibilities, the nain discnarge was irradiated as called 
for in tne er.ission technique but different wavelengths 
were selected br the monocnromator for detection, Irradiat- 
ing with tne filter for the 6115A line perzitted rassage of 
the 8104A line as well beceuse of the bandpass of the filter. 
Weenie tas Tiiber, a search@Was Made Bor an imercased emission 
of the 9354A line by waich tie 4P,, level transitions to the 


4S' 5) level and thence to the ground state. Using a filter 
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The nucn noped-for resvits cf tne absorption 
tecnuiune also did not materialize. <A gocdly portion of 
tne actral investigative effort was allotted to this pnase 
because tre technique snowed such promise. For reasons I 
Siall attempt to explain in Section 4, the improved tecirnique 
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(21h) 
CChnditi@ms similat= to Crawford's, fiscitewe and Schmidt are 


a..ong tre wany authors wo have reported moving striations in 
Rte IO Le fas GCischarges wherein the tube Currents wer 
(22) 

relatively srall.  vooper and Oleson nave rerorted on tne 
derendence of striations upon tube current and have shown 
tnat for a given pressrre and tube radius there exists a curr- 
ent above wich ~~ MO NOt Nes hyaline ent: 
oF daWeem and Robertson ff the alkali vapors has, taken to- 
a@eger With earlier work; led to tne comelusion that strima= 
Chens could not sexist unless tne discharge atoms were poss= 
essed of low lying metastable levels, 

es iS @ell @iso to review the main points of T.ie 
Robertson a He suggesta tuaat tne pioduct of the meta- 
Stable concentration an a quantity lakelled F/ N must be 
positive and large enotgh to ofiset diffusion and wall losses 
mivereer Tor striations to exista: Tae quantity © is the 
total ionization rate of the metastable atoms by electrons 
and tne quantity I is tne concentration of electrons. Rob-= 
ertson dwells at length on tae differential part of the pro- 
aetebut says little about the role of vthe metastable «concen-= 
tration exeept to note that the eoncentration decrearces with 
paepeactas tube carrent. 

This author chooses to interpret the experime..tal 

results listed above against the background of the nobertson 


theory as follows. In the pure lercury discharges of +oulds 


and of Donohue and Dieke and in tie noble gas discharges of 
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CanOS@GiisS Caper peng 
ie... cumment tGaroueh 


of 8115A photons was 





very rucd lower than exeecteds wvhis 1] attribute to a low 
Cone@@mtrati: i of atems in tice metastable condition, Wirile 

it may mave been true thut F/ NW in the illuminating “is 
Qarce wee hepative, thereby destroying striations, a lack of 
Oa 5A photons Can) only be attyabuted to a low population of 
atoms in the metastable S49 state. 

There is some evidence to indicate that a metastable 
me vely despite its lene lit et ine 1S Notas “pre erent ia ay 
populated in a nigh current discnarge as it mignt be Bet 
Hower current conditions» As von Sngelwaas pointed out, reta= 
Suamic devclsmae@c not, inmecneral, populated fromelower lying 

2, 

States» vhe work of loptfernann and Ladenburg in Neon indica 
tes that tne relative populations ot excited levels are dis-= 
Mme uced accordisg@ to the BoltzZnann factor with kr Set av 
tne electron temperature of the discnarge rather than at the 
disecnarge tnermometric temperature, This neans that nigher 
levels are velatively more populeted at the expense of the 
tower léwels. M0, tme high current discharge requires 2 
SreyceT baeectson of aitecon atoms in the ionized state whnica 
le@ves a S@aller fraction to we in excited states, 

(54959321) 

several anthors have reported on the effects 

ovserved wnile irradiating a discharge, Mo .e has succeeded 
in making single-wavelengt': irra’iations of any signi icance 
so that the e“fects to te expected of sucn a radiation teche 


NidvUewewenmet Dest. conjectural, It Ssé@ms sate to say Usat 


irradiation weichn mignt derorulate a netestaple level s‘iorld 
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MOCUCE am inereased Tube potowtial drmveierce and; if we are 
BOMte ey tlcwmoMcrloOl UleGly, SUS Cie Se in tie striation 
Cics,. Tie tule potential was continually monito-~ 


Ea] 


red auriag tne experi-eiut by a VI'Vii and a PM tube observed 


tae cischarge Licht emissicn characteristics, The anthor 
did not note any significant differences in either the VVM 


JF 


Tali DOR Wl Wire limit intensity prorile of tne striations 
Ween tie . aiff dischar®e was or was not irradiated by the high 
Curren. llilumrnating discharges Inis’ observation is consisc 
ent with tne notion that tnere was a low population density 
of metastable states in the illuminating discharge, Tne 


= 


autiior suggests tnat otrers ieee witia ill:-minated dis- 
cnarges dia as NMeissnei and Miller and arranged tne illumine 
ation to produce sore maximum effect on tne illuminated dis- 
charge. TIhnat they did not mention striations in their illunm- 
inating Giseralges is exrlained by tne Smaliness of the tube 
radii Which pernits a low value of critical current for str- 
moons end, of course, by tneir not using any taime=resolving 
measurcment devices. 

im tne construction of and Gierareon of the fli 
imeuin Ciseserce tubes, consigeracvionmgas ~iven to the totvax 
crereuy Oc "Ar -on ct@s, to maximizing tne macroscopic ligie 
output and to attempting to subdue striations, It appears 
Mies Prive COmSiderction rust, instead, be given To maximizing 


tne number of S115A photons. 


=a) 





Bd. itiormal worl is required to devise suita™le soure 
ces pevore any neaningful accouplishrents will be made in 
CetCemi owe wectactaple poprmia sions. lO Gais end, an exanine 
ation of tne ma nitude of 8115A light output should be under~ 
Tamen With to® rvxunose of ceternining the discnarge conditions 
ana tube configuraticn whiecn will produce a maximum intensity 
at the desired wavelencth. 

[TiS Stic ted tia s edt Mest oasis Tenipo hour 
one meter long with side arm electrode assemblies be used, 

By selecting out th: S115A line witn a monoc’iromator and PM 
PubeCwece@pinaticngwintelligent intensity measusements can be 
Paces Mien iit Ccoltical current revlon 15 reacued, invencam, 
Meesurements can be rade in both the striated and unstriated 
sections of the positive column in an erfort to determine the 
effect of striations on the 8115A intensity. 

fiter svcitable sources of padiapionwarc «oust rucuerr 
Gic ~mecedure of Mischke an& Schaudt for emission studies and 
the trocedure in tiis work Tor absorption studies can be begun 
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